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Abstract

This study aims at evaluating environmental impacts on recycling process of used small household appliances. The recycling
process mainly consists of manual dismantling, crushing and various sorting processes to effectively recover valuable resources
and to minimize environmental impact. In this study, life-cycle assessment (LCA) methodology is applied to analyze major envi-
ronmental parameters such as GWP, ADP, POCP, EP, etc. One of the major impact categories on the weight basis in the recycling
process is global warming (GWP) 57.1%, next to ADP 35.4% and POCP 4.8%, respectively. As a result of environmental impact
on recovery of valuable resources/ton, the GWP of plastics for ABS is highest (33.7%) compared to ferrous metals (9.4%). The
effects of environmental and economical benefit are also analyzed to compare with the amount of virgin materials to be recycled
by recycled materials. In addition, recycled materials are also more economical in comparison to virgin materials due to the envi-
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ronmental avoiding effect by recycling. In conclusion, the key environmental issues related to the recycling of e-wastes are ana-

lyzed and therefore, the effective recycling process will contribute to mitigate global warming potential in the near future.

Key words : small e-waste, recycling, LCA, environmental impact
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Fig. 1. Flowsheet of crushing, dismantling and sorting processes for used small household appliances.
Table 1. Material balance of recycling process of used small household appliances
Plastics
Ferrous | Cu Al Rubber | Wire Residue | Total
ABS PP HIPS Mix. Subtotal
Amount 1y 5o | 445 | 445 | 4o 277 | 1,064 | 532 | 532 | 112 2,240 103 | 5,000
(kg/day)
Ratio(%) 29.0 8.9 8.9 0.8 5.5 213 10.6 10.6 2.2 44.8 2.1 100
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Table 2. Result of the environmental impact for recycling

process
Impact category Unit Environmental impact
ADP 1/yr 4.49E-01
AP kg SO,-eq./kg 2.18E-01
EP kg PO/ -eq./kg 4.05E-02
GWP kg CO,-eq./kg 1.29E+02
HTP kg 1,4 DCB eq./kg 2.88E-02
ODP kg CFC 11-eq./kg 2.97E-09
POCP kg ethylene eq./kg 8.92E-02
TETP kg 1,4 DCB eq./kg 5.20E-09

%= 3}9)(ozone layer depletion potential, ODP), A+
S}acidification potential, AP), 3 Y 3}(eutrophication
potential, EP), 3} Fsl2 &4 (photochemical oxidant
creation potential, POCP), $17+5-/d(human toxicity poten-
tial, HTP), el 54 (eco toxicity potential, ETP) %
2% gle Tz A7) st e -4
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Fig. 2. Result of comparison for environmental impact
categories.
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Fig. 3. The impact on the environmental sorting and recovery process.
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Fig. 4. Result of global warming (GWP) for recycling
process.
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Table 3. Result of environmental impact compared valuable recycling and virgin resin production (Unit : ton CO,-eq./ton)

Recycling (®) Virgin production () Avoidance effect (D-®)
Ferrous 8.31E+00 2.34E+03 2.33E+03
Cu 1.96E+01 4.57E+03 4.55E+03
Al 1.96E+01 2.39E+03 2.37E+03
Rubber 7.64E+00 4.50E+03 4.49E+03
Wire 1.98E+01 5.43E+03 5.41E+03
Plastic mixture 3.18E+01 2.08E+03 2.05E+03
PP 4.08E+01 1.47E+03 1.43E+03
ABS 4.08E+01 2.97E+03 2.93E+03
HIPS 4.08E+01 1.81E+03 1.77E+03
Total 2.29E+02 2.76E+04 2.73E+04

Table 4. Result of benefit analysis for recycling process

Recovery Recovery Environmental benefits" Economic effect(thousand won)
(kg/day) (ton/year) (kg COy-eq./kg) Day? Month Year
Ferrous 1,450 435 3.38E+03 40.6 1,014.3 12,171.6
Cu 445 134 2.03E+03 243 607.5 7,290.0
Al 445 134 1.06E+03 12.7 316.5 3,798.0
Rubber 40 12 1.80E+02 22 54.0 648.0
Wire 277 83 1.50E+03 18.0 449.7 5,396.4
Mix. Plastic 215 65 4.41E+02 53 1323 1,587.6
PP 532 160 7.60E+02 9.1 228.0 2,736.0
ABS 1,064 319 3.12E+03 37.4 935.1 11,221.2
HIPS 532 160 9.41E+02 113 282.3 3,387.6
Total 5,000 1,500 1.34E+04 160.8 4,019.7 48,236.4

*1) 5,000 kg®] HLF7PAS A8 F F]gste] dAsk= AA1A HY
2) 259 7FE 71E

oft

2w, ABS 3.12E+03kg COreq/kg, T2 2.03E+03kg 4.4 =

COy-eq./kg, AXF 1.50E+03kg CO,-eq/kg TOF F

1.34E+04kg CO,-eq./kgCE B4 AT 1Y 589 ¥ 2 Apas HAEs e T, Al o 35 2
27E AdElrE BAsks 015S FuolA Aol sl AgH7HLCA) 7S B85k SHYE
A= e BRI FoE e 49 oF 169 < BAEoH, 8RS Ad/srete] AgeE
Aide] BAA B BAShs A0® BAEHeH, 739-eF AAE AN A9 BEFEFS AF2ds)

AZE oF 1,500=20 F-8Ade It AEE & A (GWPYl ti3t e FdHF= vasiginh. B3, &
Sl Aol AR oF 4,8005t40] AAH B Ade] ARgow Qg S e AAE a
AT Aoz ZAMEICH £ 2HeeH, 2 A3E aokshd vt 2t

L ALg7H 5=8 vk, A 2 3eeke 34l
g SAIF A, AF2HSHGWPel e &

i o

=
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